Present paper deals with the mechanical activation of deposited brown coal y ash in a high energy density mill. The mechanical activation was carried out in a laboratory scale stirred media mill using various rotor circumferential speed (5 and 7 m/s), and dierent grinding time (from 1 min up to 180 min). The consumed energy was measured during the grinding process. Furthermore, particle size distribution and specic surface area were determined using laser particle size analyzer. The structural changes were detected by Fourier transform infrared spectroscopy. Additionally, transformation in mineralogical phases was measured by X-ray diraction, as well as particle morphology and crystal defects were determined by transmission electron microscopy. As a result of the investigation, relationship between the technological parameters of the grinding and the properties of the ground material was created. It was found that there is a certain mechanochemical eect on the crystal structure of y ash components in the stirred media mill, as it was revealed by X-ray diraction and transmission electron microscopy. The most ecient grinding parameters were determined.
Introduction
Ultrane and nanosized powders are commonly used nowadays in the high-tech applications to reach advanced properties [1] .
Basically, there are two dierent approaches in order to produce nanomaterial: one of them is the top-down method (for example size reduction by grinding) [2] and the other one is the so called bottomup process (from molecular to nanolevel). Stirred ball mills are such machines which are suitable for ultraneand nanogrinding [3, 4] . The application of this kind of apparatus becomes widespread in the last decade due to its simple structure and favorable energy demand.
Through the high energy density generated in the grinding chamber, extra ne and very reactive nal product can be manufactured. These mills are applied in a very wide range: mineral processing, pharmaceutical and food industry and chemical industry.
Several authors investigated the mechanical activation of y ash [5, 6] , but mainly using conventional tumbling ball mill or planetary ball mill (batch mill). Patil and Anandhan [7] and Paul et al. [8] The mineralogical composition of y ash was investigated by X-ray powder diraction (XRD). We found that
beside 73 m/m% amorphous content, the main mineral phases were quartz, mullite and cristobalite. 2.1.3. Laser particle size analyzer
The particle size distribution of the ground products had been investigated using a Horiba LA-950 V2 type laser particle size analyzer (LPSA). Specic surface area had been calculated from the distribution data, shape factor was 1.0. To achieve an appropriate disperse state one minute ultrasonic dispersing and 0.5 ml sodium pyrophosphate dispersant was applied.
FTIR investigations
Investigation was carried out using a JASCO FT-IR Bruker TOPAS4 software using ICSD database.
Transmission electron microscopy
The samples were studied with a FEI Tecnai G2 transmission electron microscope (equipped with EDAX energy dispersive X-ray spectrometer). The acceleration voltage was 200 kV. Electron diraction patterns, bright eld images, high resolution TEM (HRTEM) images, EDX spectra and STEM images were taken for characterizing the shape of the grains and the textural relation of the amorphous and crystalline parts.
3. Results
Grinding kinetics
The stress intensity (SI) of the stirred media milling was determined according to Kwade & Schwedes [9] and Kwade [10] . There is a correlation between the energy input and the energy of the grinding media. The stress intensity can be calculated with the following equation: speed resulted in much higher specic surface area with less energy input. However, the dierence was smaller in characteristic particle sizes (x 50 , x 80 ). ln(EU) = −0.90ln(t) + 2.55,
for 7 m/s:
ln(EU) = −1.05ln(t) + 2.45 cles is also observable. Raw y ash has reticular morphology (see Fig. 10a ). After 5 min of grinding the particles mainly have angular shape, after 60 min the shape becomes more spherical (Fig. 10d) , after 180 min it was rather spherical (Fig. 10f ) . According to TEM investigation, raw y ash particles have reticular morphology. With increasing milling time, particle shape become rounded at the submicron size range. Most particles are amorphous, which contain crystalline phases, mainly mullite.
